aerobically at 37 C and were facultatively anaerobic. They were morphologically similar in both gross and microscopic appearance, and most produced motile spores. Stable gray variants often appeared among the orange-yellow "wildtype" colonies. Acid without gas was produced consistently from glucose and fructose, and transitorily from galactose, but was produced from none of eight other carbohydrates except belatedly by some strains from maltose. Almost all strains hydrolyzed casein, most of them digested BCP milk with varying rapidity, and the majority liquefied gelatin, but there was considerable variation in this last property. Differences crossed both host and geographic lines. It is concluded that all isolates can be accommodated in the species D. congolensis Van Saceghem 1915 , emend. 1916 , 1934 dermatonomus and D. pedis falling into synonymy.
Microorganisms of the genus Dermatophilus were not known to exist in the United States until 1961, when three independent reports of their occurrence appeared. Bridges and Romane (1961) found this bacterium in Texas in skin lesions of two calves, one of them represented by a biopsy taken in 1952; Bentinck-Smith, Fox, and Baker (1961) recovered it in culture from 1 of 15 cases of equine infection in New York and Vermont; and Dean et al. (1961) obtained cultures from lesions in a deer and in two of four cases among men who handled the animal. These are thus far the only reported cases of streptotrichosis in humans. (The commonly employed spelling is streptothricosis. P. K. C. Austwick pointed out to me that streptotrichosis is orthographically the correct form, with which I agree since the combining form of the suffix -thrix, taken from the invalid generic designation Streptothrix, is -trichos.) Despite continuing surveillance at check stations of deer killed by hunters during the past two seasons, conducted by personnel of the New York State Conservation Department and of this Division, no additional infections in animals have been discovered in this state. However, the disease has been found widespread among cattle in Iowa (Pier, Neal, and Cysewski, 1963) and in Kansas (Kelley et al., 1964) .
Elsewhere in the Western hemisphere, in addition to an isolate from sheep attributed by Austwick (1958) to Ault in Argentina, cultures have been obtained by Perez Catain and Di Rocco (1963) from "lano de palo" of Argentinian sheep and by Barnum (Ontario Veterinary College, Guelph; personal communication, 1961 and from diseased Canadian cattle. Magallanes et al. (1959) reported many cases among sheep in Uruguay, substantiated by the occurrence of structures characteristic of the microorganism in smears from skin lesions, but got no cultures.
Original descriptions of the three accepted species, D. congolensis Van Saceghem 1915 , emend. 1916 , 1934 , D. dermatonomus Austwick 1958 (Actinomyces dermatonomus Bull 1929 , and D. pedis Austwick 1958 (Polysepta pedis Thompson and Bisset 1957) , were made without reference to either of the others. Subsequent isolates have been assigned to species largely on the basis of host animal and type of lesion, for no direct comparison has been made of morphological and physiological characteristics of strains from various sources in widely separated localities, although Bugyaki (1959) stated, without offering supporting evidence, that one species, D. congolensis, is responsible for contagious dermatitis of cattle, horse, and sheep in the Congo and Ruanda-Urundi. The present studies were undertaken to supply this lack and thereby to determine whether there are indeed three valid species of Dermatophilus.
MATERIALS AND METIODS
The cultures studied are listed in Table 1 . In several instances, two descendants of the same original isolate were available, as indicated. These were handled as separate strains for determination of variability. Cultures were maintained by serial transfer on Brain Heart Infusion (BHI) Agar slants incubated aerobically at 36 C (41) for 3 to 7 days and then stored at room temperature. Stocks were successfully lyophilized in skim milk suspension after growth for 4 days in beef infusion-peptone broth (F5A broth) containing 0.1% glucose and 0.5% sodium chloride. Anaerobic culture was in Brewer jars with illuminating gas, and an atmosphere of varying carbon dioxide content was provided in a cabinet at 37 C by blocks of Dry Ice. Topographic details of colonies on blood-agar plates were examined with the aid of an inverted 10X microscope ocular.
Motility was determined macroscopically by "stab" culture in a semisolid "motility test medium" consisting of 0.3% beef extract, 1% peptone, 0.5% NaCl, and 0.4% agar at pH 7.4.
It was read on an arbitrary scale of 1+ to 4+, according to degree of radial extension of growth from the stab. All cultures in this medium were also examined microscopically for motile spores, as were cultures of several strains in F5A broth and on blood-agar (beef heart infusion-agar with 1% peptone, 0.5% NaCl, and 5% defibrinated horse blood). The catalase test was performed by touching one-half loopful of growth on BHI Agar to a drop of Superoxol (30% hydrogen peroxide) on a glass slide and observing for evolution of bubbles.
The sugar fermentation media contained 1% peptone, 0.5% NaCl, 1% of the test carbohydrate, and Andrade's indicator at pH 7.4 to 7.5. Proteolysis test media included: bromocresol purple milk (1 ml of 1.6% alcoholic solution of indicator per liter of skim milk), beef extract gelatin (0.03% beef extract, 0.05% peptone, and 12% gelatin, at pH 7.8), and Loeffler's coagulated serum slants. Urea agar slants consisted of 0.5% NaCl, 0.2% KH2PO4, 0.1% peptone, 0.1% glucose, and 2% agar; the mixture was adjusted to pH 6.9, and 6 ml of 0.2% phenol red solution were added per liter. Agar plates containing casein, tyrosine, xanthine, and starch were prepared and read as described by Gordon and Smith (1955) and Gordon and Mihm (1957) (Fig. 7) , convolute ( Fig. 8) , montane-ridged (Fig. 9) , conical-crateriform (Fig. 10) , acuminatecrateriform (Fig. 11) , rosebud ( Fig. 12a, b) , medallion ( Fig. 13, 14) , conical-montane (Fig.  15 ), compound conical (Fig. 16 ), pustular-crateriform (Fig. 17) , wheel-crateriform (Fig. 18) , wheel-conical (Fig. 19) , and cerebriform (Fig. 20) . Figure 1 is an example of a mixture of colonial types shown by a single strain.
At 24 hr, aerobic cultures on blood-agar plates incubated at 36 C typically showed tiny (0.5 to 1.0 mm), round to square or irregular, grayishwhite, raised, very rough granular colonies (Fig.  21 ), tough and adherent and usually pitting the medium. Upon further incubation, these generally became yellowish, and then orange, developing pigment first in the more crowded areas, where ,B-hemolysis also appeared early. Some strains developed pustular-crateriform colonies about 1 mm in diameter within 48 hr. Freshly isolated deer and human strain colonies attained a diameter of 4 to 6 mm in 7 days, with many becoming mucoid apically (Fig. 14) . Both (Fig. 24) . heaped, irregular center (Fig. 23) , and A-i1, 13S (smooth), 17, 18, and g were molar-tooth type in miniature. There was no hemolysis at this time. After 7 days, colonies varied from 1 to 4 mm in diameter; most were white, umbonate to pulvinate, and radially filamentous, becoming translucent and arborescent peripherally (Fig.  22) 88, 1964 ring and A-14 a soft, flocculent ring at the surface, whereas A-5 and g customarily grew in numerous small, hard, discrete colonies, adherent to the submerged wall of the tube. The sediment was generally flocculent, either granular or flaky, but in some strains (A-3) it was ropy or taffy-like.
Its appearance varied in the earlier stages of growth, however, depending upon state of maturation (i.e., compll)letion of life cycle), which in turn was a function of strain differences and amount of inoculum. There was no consistent relationship between source of an isolate and time span of its life cycle.
Mlicroscopic morphology. For descriptions and illustrations of sequential stages in the life cycle of D. congolensis, recent l)ublications (Roberts, 1961; Dean et al., 1961; and Gordon and Edwards, 1963 ) should be consulted. The lpresent studies resulted in observations similar to these and revealed no important differences in microscopic morphology among the putative three species. In addition, we succeeded in obtaining electron micrographic evidence of possession of flagella by the motile spores of some strains,7the number observed varying from one to several per cell (Fig. 25) . They resemble those illustrated by Thompson (1954) , and are similar in structure to true bacterial flagella (Edwards, 1963) .
Owing to the filamentous nature and coherence of the colonies, and the variations in respective stages of the life cycle, it was difficult to prepare uniform suspensions for comlparative microscop)y.
Stained smears of a given culture might present any of the following appearances microscop)ically, depending upon age and strain: (i) myriad free coccoid "spores" (Fig. 26) , motile or not (these are not conceived to represent the usual bacterial spore); (ii) germinating spores, singly or clustered (Fig. 27) ; (iii) branching filaments in any or all stages of segmentation (Fig. 28, 29) ; (iv) mucoid l)ackets or clusters of cocei, either in clumps (Fig. 30 ) or scattered; (v) nonmucoid clusters, either cubical or irregular (Fig. 31) (Fig. 32) ; A-16 and A-20 displayed an especially broad mature-segmented stage (Fig. 33) . Degree of encapsulation (Fig.  34) , as determined in India ink mounts, was variable, even between segregants of the same isolate.
Dermatophilus cells tended to retain the crystal violet of the Gram stain rather too heavily for observation of details. They were shown well by methylene blue and Giemsa stain and in infected tissues by the Grocott-Gomori silver and periodic acid-Schiff stains. The organism was not acidfast when stained by the Ziehl-Neelsen method with decolorization for 10 see, or by the BH technique (Mariat, 1962) . The latter proved excellent, however, for revealing microscopic detail.
Mlotility. In semisolid "motility test medium," the following cultures displayed motility macroscopically after incubation for 48 hr at 36 C: A-6, 7, 7-g (gray), 9, 14, 16, 17, 18, 19, 21, and o. After an additional 5 days of incubation, A-1, 7-o (orange), 13, and Sev had acquired motility. Serial transfers on this medium failed to induce motility in the remaining strains excelt for numbers A-4 (second and third transfers after 2 weeks of incubation, and1 fourth transfer after 1 week), A-12 (as with strain 4; in addition, the first transfer became positive in ¶ 16 days), and A-15 (second transfer, after 1 week; third after 48 hr). Another gray variant, 19-g, remained nonmotile, and 1.3 R (rough) was much more belatedly motile than was 13S (smooth). Numbers A-2, 3, 5, 8, 11, 20 , and g also consistently failed to show motility. The stock culture of A-10 was lost before determinations could be made. Hanging-drop examination for motility confirmed its presence or absence in the respective cultures.
Biochemical tests. None of the strains listed in Table 1 formed gas in carbohydrate media. All produced acid in glucose and fructose within 48 hr (5 days for A-2, 8), the acid reaction enduring for at least 2 weeks. None produced acid at any time from sucrose, lactose, xylose, dulcitol, rnannitol, sorbitol, or salicin. All but A-2 (slightly acid at 1 week) showed acid in galactose at 48 hr, but this progressively diminished until there was none or only a trace after 2 weeks. On the other hand, all were read as negative in maltose at 48 hr, but most became slightly or distinctly acid in 1 or 2 weeks.
All isolates h1ydrolyzed urea within 24 hr, produced catalase within 5 days (7-o stronger than 7-g; o stronger than g and deer), and hydrolyzed starch within 1 week. None hydrolyzed tyrosine or xanthine, reduced nitrate to nitrite, produced indole, or gave methyl red or Voges-Proskauer reactions (all of these were read at 1 and 2 weeks). Proteolytic properties varied among strains and are summarized in Table 2 .
Serology. On Ouchterlony plates, serum from rabbits hyperimmunized to o antigen yielded two precipitin lines with both o and g antigens. These two antigens also reacted with sera from sheep, goats, and rabbits experimentally infected with the deer strain, producing one to three lines. They failed to react with normal or antihistoplasma rabbit serum. Serum from the goat formed two lines with both o and g antigen (which showed mutual identity) but none with antigens of Nocardia asteroides or Actinomyces bovis.
Host specificity. Although these experiments have been reported previously (Dean et al., 1961) , results are mentioned here because of their pertinence to the question of classification of species by host preference. It was demonstrated by pure culture inoculation of animals that deer and human isolates attacked cattle, sheep, goats, deer, rabbits, and mice impartially. Similar observations by others will be discussed below.
DISCUSSION
Properties of the three species of Dermatophilus as described by their respective,,authors fall within the range of variation ascribed herein to D. congolensis. Van Saceghem's (1934) isolate failed to digest milk, but most cattle strains in our hands were found to be strongly proteolytic. He also reported acid from sucrose and none from levulose. Thompson (1954) cha-racterized Polysepta pedis as an obligate aerobe, but the culture that Dr. Thompson sent us Was" foiP d to grow anaerobically under the conditions of ow. laboratory. Thompson and Bisset (1957) stated tat P. pedis failed to liquefy gelatin, whereas we found that different segregants of P. pedis varied in this respect, some being strongly proteolytic. Bugyaki's (1959) D. congolensis was reported to reduce nitrates to nitrites, but none of our strains did so. Memery (1961) (1) 
4+
The reactions of Pier's cattle isolate were prac-4+ tically identical with those of our deer strain 4+ when compared directly (Pier et al., 1963 Edgar and Keast (1940) experimentally infected a sheep and a calf with a horse isolate that they called Actinomyces dermatonomus. Dean et al. (1961) succeeded in infecting a deer, a calf, and two sheep with both human and deer isolates. Pier's cattle strain was able to infect a calf, goat, lamb, and pony (Pier et al., 1963) . Van Saceghem (1916) considered his organism to be a filamentous bacterium composed of a zooglea with fine (0.3 ,u) granulations in the interior. There is now considerable support (Austwick, 1958; Roberts, 1961; Gordon and Edwards, 1963) for the inclusion of Dermatophilus in the order Actinomycetales (Buchanan 1917 (Buchanan , 1918 . Within this order, Austwick created a new family, Dermatophilaceae, to be grouped together with the family Actinomycetaceae, or fragmenting actinomycetes, of Waksman and Hen-ici (1943) . M6mery (1961) held that Dermatophilus may be included within the Actinomycetaceae according to the classification of Pr6vot (1958) , obviating the need to create a new family, but the unique manner of spore formation in Dermatophilus, as well as the motility of the spores, seems to me to constitute sufficient reason to erect a separate family.
Taken together with the results of our comparative studies, the differences among D. congolensis, D. dermatonomus, and D. pedis, as summarized by Austwick (1958) , appear to fall well within intraspecific bounds. It is, therefore, suggested that the synonymy of Dermatophilus congolensis be expanded to include D. dermatonomus (Bull, 1929) Table 1 , and especially to P. K. C.
Austwick for his aid and advice.
